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(57) Abstract: Tlie present invention provides the iiybrids wherein itraconazole, cyclosporine or carvedilol are intercalated into the 
interlayers and/or absorbed onto the surfaces of layered silicates. The hybrids according to the present invention enable the maxi- 
mization of bioavailability of drugs by dissolving the drugs from the layered silicates. Furthennore, the present invention provides 
the preparing methods of the hybrids. The process comprises: (1) dispersing a layered silicate in an aqueous solution to form an 
aqueous solution containing the layered silicate; (2) dissolving a drug in a oiganic solvent to form an organic solution containing the 

Q drug, the organic solvent having a solubility higher than that in the aqueous solution; and (3) mixing and hybridizing in the inerrface 
of the aqueous solution containing the layered silicate and the organic phase solution containing the drug in order to intercalate the 

1^ drug into the interlayers of the layered silicate and/or to absorb the drug onto the surface of the layered silicate. 
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HYBRID OF ITRACONAZOLE, CYCLOSPORINE OR CARVEDILOL WITH 
A LAYERED SILICATE AND A PROCESS FOR PREPARING THE SAME 



TECHNICAL FIELD 

5 The present invention relates to hybrids of itraconazole, cyclosporine or 

carvedilol with layered sihcate; and the production method thereof. More specifically, 
the present invention relates to hybrids of itraconazole, cyclosporine or carvedilol with 
layered sihcate having good water solubility and bioavailabiUty, and the production 
method thereof. 

10 

BACKGROUND ART 

Itraconazole has been well known as one of antifungal agents and is a tricycUc 
azole compound having the formula below (see United States Patent No. 3,717,655). 
The chemical formula is C35H38CI2N8O4 and named as (±)-cis-4-[4-[4-[4-[[2-(2,4- 
15 * dichlorophenyl)-2-(lH-l,2,4-triazole-l-yknethyl)-l,3-dioxoran-4-yl]methoxy]ph 
1 -piperazinyl]phenyl]-2,4-dihydro-2-(l -methylpropyl)-3H- 1 ,2,4-triazole-3-one. 




Itraconazole shows better antifungal effect than any other compounds owing 
to its long elimination time in the body and high permeation into proteins and lipids; 

20 however, its solubility is pH-dependent, that is, its solubility is high in acidic 
conditions, but low in neutral aqueous solutions. Therefore, in spite of outstanding 
pharmaceutical effects, itraconazole is hard to make into formulations because of the 
poor solubility in aqueous solutions and consequent low bioavailability. 

Cyclosporine is a polymeric peptide drug that consists of 1 1 amino acids (a 

25 molecular weight: 1202) and is classified as cyclosporines A, B, C, D, G and the hke 
based upon the structure, while cyclosporine A with the structure below (chemical 
formula C62H111N11O12) has been widely used for its pharmaceutical activity. 
Cyclosporine has been mainly used for the purpose of suppressing immune reactions 
after transplantation of organs and tissues although it has been also applied for 

30 inflammatory diseases such as rheumatoid arthritis. 
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Cyclosporine has a cyclic sjonmetryic structiire with 7 out of 1 1 amino acids 
N-methylated. Such a cyclic symmetryic structure results in very low polarity, 
leading to extremely low water solubility of this drug (0.04mg/M H2O, 25 'C). The 
5 extremely poor solubility of cyclosporine causes low bioavailability (approximately 
30 %) and it is rq>orted that such broad deviations of the bioavailability exist among 
individuals as much as 5-50 %. Therefore, various efforts have been made to develop 
improved pharmaceutical formulations for cyclosporine, focusing on the development 
of a method to enhance the solubility of cyclosporine. 
10 Carvedilol is named as (±)-l-(9H-carbazole-4-yloxy)-3-[(2-(2-methoxy 

phenoxy)-ethyl)-amino]-2-propanol with the chemical formula of C24H26N2O4, 
molecular weight of 406.48 and the stmcture below {see United States Patent No. 
4,503,067) 




15 This compound is a novel drug with multiple actions, useful in treating mild to 

moderate hypertension. Carvedilol is known as a vasodilator and a competitive non- 
selective P-adrenaline receptor antagonist. The function of carvedilol as a vasodilator 
results from blockade of a 1 -adrenaline receptor and the blocking activity of P - 
adrenaline receptor by carvedilol leads to prevention of reflective tachycardia when the 

20 compound is used for treatment of hypertension. Such multiple actions of carvedilol 
are based upon the efficacy of the drug as an anti-hypertension agent. In addition, 
carvedilol is useful in protecting organs, especially protection of heart because of its 
anti-oxidative functions in reducing free radical-initiated lipid peroxidation. In 
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addition, carvedilol is useful in treating congestive heart failxjre. However, carvedilol 
has the strong pH-dependent solubility profile, featuring especially poor solubility in 
the intestinal juice. 

The prior conventional methods for enhancing the water-solubility in order to 
5 solve the problems of itraconazole, cyclosporine and carvedilol are divided into two 
categories. One is to enhance the solubility in aqueous solutions by forming such 
poorly soluble dmgs into Uposome, micro-emulsion or emulsion by using surfactants 
and solvents with good solubility for said drugs, as dispersants. The other is to 
dissolve the poorly soluble drugs in organic solvents together with hydrophilic 
10 polymers or monomeric compounds which facilitate solving the drugs in the aqueous 
solutions; or to mix them at high temperature into sohd solutions of which the water 
solubility is high. 

In the case of itraconazole, Janssen, the original developer of the capsule 
formulation, Sporanox®, used a method similar to the latter in the above to m^e a 

15 formulation of itraconazole. The only difference lies in that the solubility of 
itraconazole is enhanced by coating the surfaces of sugar beads of 600-700 fm 
diameters primarily with a hybrid of hydrophilic polymer hydroxypropyl methyl 
cellulose and itraconazole, and secondarily wifli polyetiiylene glycol over the first 
coating. See WO 94/05263 for details. A sinailar method is disclosed in Korean 

20 Patent No. 1999-001565 wherein itraconazole is solubiUzed by melting citric acid 
instead of the hydrophilic polymer at 1601C or dissolving it in the mixed solvent of 
chlorinated methanol and ethanol in an amoimt equal to that of itraconazole mid then 
distill the solution under reduced pressure to form a co-melted mixture, and adding 
appropriate excipients into said co-melted mixture. In addition to these, examples in 

25 the first category of the aforementioned methods include a method of solubihty 
enhancing formulation for itraconazole using liposome as disclosed in WO 93/15719. 
In the method disclosed in said publication, itraconazole is solublilized by using 
phospholipid lecithin as a surfactant, and tetraglycol and dimethyl isosorbid as solvents 
to form single double-layered liposomes containing itraconazole. 

30 Like itraconazole, cyclosporine employs a method fundamentally similar to 

the above but only with different solubiUzation process depending on the 
characteristics of each drug, or the types and the amount of solvents or additives 
therefor. Korean Laid-open Patent Publication No. 1998-0008239 discloses a method 
for solubilizing cyclosporine by using cychc methyl ethylene carbonate or poloxamer 

35 123 as a co-surfactant, vegetable oil (such as com oil, sesame oil and the like) as oil 
and a surfactant with HLB (hydrophilic-lipophilic balance) of at least 10. Said 
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composition is designed to solve the problem of low absorption in the body and 
delivery of cyclosporine by way of forming micro-emulsions in which the size of 
micelle can be controlled to be less than 100 nm. 

Solubilization technique of carvedilol has been mainly directed to control the 
5 dissolution rate of the drug by using solid solution like cyclosporine or itraconazole. 
For example, Korean Patent Publication No. 2003-0019339 discloses synthesis of solid 
solution by mixing carvedilol and hydrophilic polymer polyethylene glycol at 70 °C, 
and maintenance of said solid in an amorphous state so as to achieve better 
bioavailabiUty than crystalline carvedilol. Another Korean Patent Publication No. 

10 2000-0006503 aims to obtain amorphous carvedilol by synthesizing solid solution that 
is formed by addition of oil or fatty acid to said hydrophilic polymers. 

Most of the prior arts reviewed in the above have a feature of enhancing 
absorption of itraconazole, cyclosporine and carvedilol with temporary super- 
saturation or maximized solubiUty thereof in gastrointestinal tracts by utilizing 

15 polymers and surfactants. However, said techniques have shortcomings that pH of 
the solubilized drugs increase as the drags pass through the gastrointestinal tracts in 
the state of super-saturation, resulting in re-crystallization of said drags and that such 
drags can be absorbed only within a short period of time. Especially, cyclosporine 
solubilized in a foim of emulsion has its maximum solubility instantaneously 

20 following the administration and thus it is hard to control the dissolution rate for the 
optimal absorption in the gastrointestinal tracts. Therefore, the need still remains to 
develop a more effective drag delivery system so as to deliver said drags in the body. 

DISCLOSURE OF THE INVENTION 

25 

The present invention provides xmique hybrids of drugs having poor water 
solubility such as itraconazole, cyclosporine and carvedilol with layered silicate, which 
enhance low solubility of these drags since the drags are in the amorphous state in the 
hybrid and result in various solubility and dissolution pattems. Since, from the point 

30 of thermodynamics, compounds or drags are more stable in crystalline than in an 
amorphous form, the solubility of compounds or drags is usually higher in the 
amorphous state than in the crystalline state. Considering such theoretical 
backgroimd, the present invention is aimed to elicit a technique to maintain the 
amorphous state of the hybrids produced with layered silicates and drags such as 

35 itraconazole, cyclosporine and carvedilol. 

In preferable embodiments of the present invention, said layered silicate is 

4 
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selected firom a group of montmorillonite, beidellite and hectorite. 

In addition, the present invention provides an appropriate preparing process of 
said hybrids. 

More specijBcally, the present invention provides a preparing process of 
5 hybrids, comprising steps wherein drugs are dissolved in organic solvents having 
higher solubility than water and are intercalated into the interlayer of layered silicates 
and/or absorbed onto the surfaces of the layered silicates through interfacial 
hybridization by mixing and stirring of the above solution of drugs and the aqueous 
solution containing the layered silicates. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows results of X-ray diffraction data of the hybrids of itraconazole 
with montmorillonite. 

15 Figure 2 shows results of X-ray diffraction data of the hybrids of itraconazole 

with hectorite. 

Figure 3 shows the solubility changes with sonication time for the commercial 
itraconazole formulation, Sporanox® and the hybrids according to the present 
invention. 

20 Figure 4 shows concentration change of itraconazole in the blood representing 

the bio-absorption characteristic of an itraconazole formulation. 

Figure 5 shows results of X-ray diffraction data of the hybrids of itraconazole 
with magnesium aluminum silicate. 

Figure 6 shows dissolution rate of itraconazole in the pH 1.2 solution for the 
25 hybrids of itraconazole with magnesiimi aluminum silicate. 

Figure 7 shows results of X-ray diffraction data of the hybrids of itraconazole 
with magnesium aluminum siUcate having Eudragit E 100® additionally added 

Figure 8 shows dissolution rate of itraconazole in the pH 1 .2 solution for the 
hybrids of itraconazole with magnesium alimiinum silicate; the hybrids of itraconazole 
30 with magnesium alimiinum silicate having additional Eudragit E 100®; the hybrids of 
itraconazole with magnesiimi aluminum silicate having additional Eudragit E 100® and 
hydroxypropyl methyl cellulose (HPMC); and Sporanox 

Figure 9 shows results of X-ray diffraction data of the hybrids of cyclosporine 
with montmorillonite. 

35 Figure 10 shows results of X-ray diffraction data of the hybrids of carvedilol 

with montmorillonite. 
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DETAILED DESCRIPTION OF INVE^fnON 

Inventors of the present application have found that various dissolution 
5 patterns of itraconazole, cyclosporine or carvedilol can be achieved by using hybrids 
of with layered silicates of said drug and that bioavailability of said drugs can be 
maximized by sustained release of said drug from layered siUcates under a condition of 
gastric juice and subsequently delaying recrystallization of said drug under a condition 
of intestinal juice having higher pH than the gastric juice. 

10 The hybrids according to the present invention employ layered silicates as a 

carrier for a drug. Hereinafter, more features of silicates are provided for better 
understanding, but not intended to limit the scope of the present invention therein. A 
structural basis of layered silicates is a pyramid form of Si04 tetrahedron, in a layered 
alumino-silicates, Si04 tetrahedron are arranged in a way that two horizontal sheets of 

15 Si04 tetrahedron have apexes of tetrahedrons facing each other and connected by a 
metal ion (for example, aluminum) so as to form layers of a sandwich structure (for 
example, Si-Al-Si) aligned perpendicularly one another. Such layered structure 
enables the ion exchange because Si04 tetrahedron, the basis of each layer, can have 
negative charge when Si^"* replaced by Al"*""^. In some cases, the negative charge 

20 results from replacement of Al^^ coimected by Mg^^. To compensate such negative 
charges, cations of alkaline metals or alkaline earth metals (for example, Na"*", Ca^"*" and 
the like) are present in the interlayers, wherein such interlayer metal ions are easily 
substituted by other cations or cationic organic components compared to metal 
elements within the layers such as Si, Al, Mg and the like. Moreover, the interlayer 

25 cations can be substituted by organic free bases because the organic free bases can be 
also intercalated into interlayers after replacing interlayer cations by hydrogen ions. 
Layered silicates actually have simultaneous surface adsorption of cationic organic 
components since the charged surface of the layered silicates as stated above features 
adsorption reaction rather than interlayer intercalation reaction when said interlayers 

30 exposed to outside. Thus the hybridization of layered silicates with drugs consists of 
interlayer-intercalation and surface-adsorption, wherein the ratio between them is 
responsible for different characteristics in drug delivery and can be controlled to meet 
the required characteristics for a drug delivery. In detail, sxurface-absorbed part of 
drugs can be easily separated and used for the fast release while the interlayer 

35 intercalated part is for the sustained release as it takes more time to be separated than 
the former, enabling a preferable formulation to control the rate of dmg delivery. 
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Therefore, the hybrid of itraconazole and layered silicates according to the 
present invention does not form a crystalline itraconazole since the increased solubility 
of itraconazole is essentially due to an amorphous structure of said hybrids. Said 
amorphous structure was confirmed by X-ray diffraction analysis showing absence of 
characteristic peaks for pure crystalline itraconazole. For the production of hybrid of 
itraconazole with layered sihcates, other drying methods than spray drying can be used 
because crystalline itraconazole is not formed during drying step even without using 
spray drying due to the outstanding stability of amorphous itraconazole in the hybrid. 
Spray drying is used only for easy production of fine powder of the hybrid. Same 
results were also taken for cyclosporine and carvediloL 

Examples of layered silicates that can be used in the hybrid according to the 
present invention include montmorillonite, beidellite, nontronite, hectorite, saponite, 
illite, celadonite, glauconite and the like. Among those montmorillonite, beidellite, 
hectorite, saponite and illite are preferable. Said compoimds are classified into each 
of formulae 1 to 5 as follows, wherein said formulae represent simplified composition 
of actually used layered silicates and are not intended to limit the compositions of 
layered silicates therein. 
[Formula 1] 

(Al2.xMgx)(Si4)Oio[OH]2M^x/n 

(montmorillonite) 
[Formula 2] 

(Al2)(Si4.xAlx)Oio[OH]2M^x/n 

(beidellite) 
[Formula 3 ] 

(Mg3.xLix)(Si4)0,o[OH]2M^x/n 

(hectorite) 
[Formula 4] 

(Mg3-xFe-'\)(Si4.2xAl2x)Oio[OH]2M^x/„ 
(saponite) 

[Formulas] 

(Al2-x.yFeyMgx)(Si4.zAlz)Oio[OH]2M^(x+zy„ 

(illite) 

In the above formulae, M stands for an interlayer metal ion, for example, 

alkaline metal (example: Na) or alkaline earth metal (example: Ca). x stands for the 

composition ratio among the interlayer metal ions, preferably from 0.1 to 0.7, more 

preferably from 0.2 to 0.6 and most preferably 0.3 to 0.5, 

7 
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As stated above, said formulae are simplified only for representative purpose, 
wherein the compositions of actually used layered siUcates may be varied to some 
extents. For example, while the montmorillonite of Formula 1 has layered structure 
with tetrahedrons of Si04, the naturally occurring montmorillonite may contain 
5 substitution in the tetrahedron such that some of Si are replaced by Al and some of Al 
connecting tetrahedrons of Si04, by other cations with +3 valence(example: Fe ). 
Such chemical composition can be shown as (Al2.x-yFeyMgx)(Si4- 

zAlz)Oio[OH]2Mr"(x+z)/n. 

The present invention also provides a preparing process of hybrids of layered 

10 silicates with drugs with poor water solubility. 

In general, layered silicates may be dispersed well enough in an aqueous 
solution and then mixed with a dmg of interest to make interlayer cations replaced by 
said drug or to make said drug absorbed onto the surface of the layered silicates. 
Considering viscosity and the like, it is preferable to disperse 1 g of montmorillonite 

15 per 1 ml of water. On the other hand, provided that a single cation in the interlayer of 
the layered silicates is substituted with one molecule of itraconazole and that Formula 
1 corresponds to the chemical composition of said montmorillonite, the amount of 
itraconazole required for 1 g of montmorillonite is approximately 0.7g. However, 
considering that the drugs of the present invention have extremely low water solubility 

20 (for example, the water solubility of itraconazole is about 1 mg/ml), it is practically 
impossible to make the hybrids of itraconazole with layered silicates in aqueous 
solution since it requires thousands of Uters of water to dissolve such amount of 
itraconazole. 

The present invention thus provides a preparing process of novel hybrids to 
25 overcome said problems. The process according to the present invention comprises: 

(1) dispersing a layered silicate in water to form an aqueous solution 
containing the layered silicate; 

(2) dissolving a drug in a organic solvent to form an organic solution 
containing the drug, the organic solvent having higher solubility than that in aqueous 

30 solution; and 

(3) mixing and hybridizing in the interface between said aqueous solution 
containing the layered sihcate and said organic solution containing the drug in order to 
intercalate said drug into the interlayers of said layered silicate. 

The interfacial hybridization in the above step (3) corresponds to interlayer 
35 intercalation/adsorption of the dmg of interest in the organic phase and the layered 
silicates in the aqueous phase through said interface, which is formed in between said 
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aqueous phase containing layered silicates and said organic phase containing the drug 
of interest. Proceeding of the interfacial hybridization through interlayer 
intercalation/adsorption enables continuous supply of the drug of interest from the 
organic phase into the aqueous phase until the completion of interlayer 
5 intercalation/adsorption between the layered silicates and the drug in the aqueous 
phase where the drug of interest is dissolved in an extremely small amount. As 
explained, the interfacial hybridization leads to the completion of 
intercalation/adsorption so as to increase the contents of the drug of interest in the 
hybrids and also the yield of the drugs. 

10 The present invention enables a drug of interest with no charge such as 

itraconazole to proceed intercalation/adsorption by substituting ttie interlayer cations 
of the layered silicates with hydrogen ions before the intercalation/adsorption of step 
(3) since the intercalation/adsorption does not occur between the drug of interest with 
no charge and the layered silicates. For example, in the case of itraconazole, 

15 montmorillonite (hereinafter, MMT) has the interlayer cation (M^) and if substituted 
with hydrogen ion (H^, is transformed from MlS^-lvr**" to MMT- H*". Such 
hydrogen-ionized montmorillonite, MMT- Hf*", combines with the amine group (-1^- 
or -N=) of itraconazole which is transformed to ammoniimi group (-NH2-^ or -NH=*), 
resulting in the hybrid of itraconazole with MMT in the form of [MMT- H^- 

20 itraconazole]. 

The content of the layered silicates in the aqueous solution of said layered 
silicates is from about 0.1 to about 10 wt,% and more preferably from about 0.5 to 
about 3 wt.%. The pH of the solution of layered silicates ranges from about 0 to 
about 6 and preferably from about 1 to about 4, 

25 The organic solvents used in preparing the above solution containing a drug of 

interest corresponds to those with higher solubility than that in aqueous solution for the 
drug of interest, and the non-aqueous solvents forming the interface with the aqueous 
solution. Related to the solubility of the dmg of interest, the organic solvents used 
have preferably the solubiUty 10 times, more preferably 100 times and most preferably 

30 1000 times the solubility in said aqueous solutions. Such organic solvents include 
methylene chloride, chloroform, octanol and the like. Among those methylene 
chloride and chloroform are preferable and especially methylene chloride is more 
preferable. 

The amount of the drug in the organic solution can range within the solubility 
35 limit for said dmg. Further, the amount of the drug and the amount of the layered 
silicates depends on the content of the drug in the hybrid. Thus, the amount of the 
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organic solvent is such to dissolve the amount of the drug required, and a volume ratio 
of the aqueous solvent to the organic solvent in the interface reaction is decided 
therefrom. 

According to the present invention the content of the drug of interest in the 

5 organic solution ranges: preferably from about 1 to about 30 wt.% and more preferably 
from about 3 to about 10 wt.%; the volxime ratio between the aqueous solvent and the 
organic solvent: preferably about 1:10 to about 10:1, more preferably about 1:2 to 
about 5 : 1 and most preferably 1 : 1 to about 2: 1 . 

In the hybrids of itraconazole, cyclosporine and carvedilol, with layered 

10 siUcates produced according to the present invention, well developed amorphous state 
provides higher solubility compared to that of the crystalline form. However, surface 
characteristics of the hybrids leads to low wettability of the hybrids in the dissolution 
medium. Addition of hydrophiUc polymers onto said hybrids can lead to increased 
wettability of the hybrids in the dissolution mediimi. Any hydrophilic polymers are 

15 acceptable if there is no pharmaceutical restriction. Preferably Eudragit El 00 
(butylmethacrylate-(2-dimethylaminoethyl)methacrylate methylmethacrylate- 
copolymer) or hydroxypropyl methyl cellulose (HMPC) is selected. 

The hydrophilic polymers are added by dissolving said polymers in a suitable 
solvent (example: methylene chloride and water); and the hybrids are dispersed in the 

20 solution and dried. Added amounts of the aqueous polymers are to the extent to 
provide sufficient wettability to the hybrids; for example, not less than 0.5 wt.% based 
on the weight of drugs can be used. Drying methods may include various ones 
known in the art, preferably spray drying. 

Hereinafter, example are provided for details of the present invention but not 

25 intended to limit the scope of the present invention therein. 

EXAMPLES 

Hvbrid of itraconazole with layered silicates 
30 <Example 1> 

10 g of layered silicates, montmorillonite, was added into 1 Uter of distilled 
water and stirred for 3 hours, wherein the pH was adjusted to 1 using HCl with stirring. 
Once equilibrium was reached at pH 1, 25 g of itraconazole was added and completely 
dissolved in 500 ml of methylene chloride and the solution was combined with the 
35 above aqueous solution of dispersed montmorillonite and then continuously stirred for 
24 hours so as to complete the interlayer intercalation. Following the completion of 
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the intercalation, the aqueous phase and the organic phase were separated using 
centrifugation, and the layered silicates precipitated in the bottom of the aqueous phase 
was washed with distilled water at least twice and then vacuum-dried to obtain the 
powder form of the hybrid of itraconazole with layered sihcates. The X-ray 
5 diffraction data for the hybrids of itraconazole are shown in Figure 1. The 
intercalation of itraconazole into the interlayers of the layered silicates was confirmed 
thereby. The content of the itraconazole in the hybrid was 55 wt.% which was 
calculated from the element analysis data. 
<Example 2> 

10 The hybrid was obtained employing the same conditions as those of Example 

1 except using methylene chloride other than the distilled water for 3 times of washing 
and the content of itraconazole in the hybrid was 26 wt.% which was calculated from 
the element analysis data. 
<Example 3> 

15 The hybrid of itraconazole with layered silicates was obtained emplojdng the 

same conditions as those of Example 1 except adjusting the pH to 4. The X-ray 
diffraction data for hybrids of itraconazole are shown in Figure 1. The intercalation 
of itraconazole into the interlayers of the layered silicates was confirmed thereby as 
done in Example 1 and the content of the itraconazole in the hybrid was 55 wt.% 

20 which was calculated from the element analysis data. 
<ExampIe 4> 

The hybrid of itraconazole with layered silicates was obtained employing the 
same conditions as those of Example 1 except using hectorite instead of 
montmorillonite as layered silicates. The X-ray diffraction analysis results for such 
25 itraconazole hybrid are shown m Figure 2. The intercalation of itraconazole into the 
interlayers of hectorite was confirmed thereby. The content of the itraconazole in the 
hybrid was 16 wt.% which was calculated from the element analysis data. 
<Example 5> 

The hybrid of itraconazole with layered silicates was obtained employing the 
30 same conditions as those of Example 4 except adjusting the pH to 4. The X-ray 
diffiaction analysis results for hybrids of itraconazole are shown in Figure 2. The 
intercalation of itraconazole into the interlayers of the layered sihcates was confirmed 
thereby as done in Example 3. The content of the itraconazole in the hybrid was 15 
wt.% which was calculated from the element analysis data. 
35 <Example 6> 

Comparison of the water solubility of itraconazole was made between the 

11 
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hybrids of itraconazole with layered silicates made according to the present invention, 
and the commercial product Sporanox® of Janssen. Sporanox and the hybrids 
containing 25 and 35 wt.% of itraconazole, respectively, were taken in the amounts 
corresponding to 100 mg of pure itraconazole; dispersed in 150 ml of the pH 1 
5 aqueous solution; sonicated for 5 minutes; and changes of itraconazole dissolved 
(presented as percentage of 100 mg itraconazole ) in the solution are shown in Figure 3. 
The experiment was designed to measure the amount of the itraconazole in the solution 
which is dissolved but not recrystallized during dissolution. The hybrid with 35 wt.% 
of itraconazole showed the similar pattern of solubility to that of Sporanox. 

10 Furthermore, the hybrids according to the present invention sustained its solubility for 
a period twice as much as that for Sporanox, This implies that a period for the 
absorption of itraconazole in the body can be doubled in the case of the hybrid with 
35wt.% itraconazole. 

The hybrid of 25 wt.% itraconazole showed a little increase in solubility but a 

15 certain level of solubility is sustained for much longer time than Sporanox. 
<Example 7> 

To evaluate bioequivalence of itraconazole, (A) the hybrid of 26 wt.% 
itraconazole from Example 2, (B) the hybrid of 66 wt.% itraconazole from Example 3, 
and Sporanox, were orally administered to rats in the amoxmts corresponding to 5 mg 

20 of pure itraconazole and blood was taken at certain times to measure the concentration 
of itraconazole in the plasma. Results are shown in Figure 4, Pharmacokinetic 
parameters such as Tniax> Cmax and AUG are shoAvn in Table 1. The solubility pattern 
for sample (A) shows a considerably low compared to the commercial itraconazole 
formulation, Sporanox but the actual bioavailability (presented as AUG in Table 1) 

25 reaches 90 % of that for Sporanox with T^ax and Gmax similar to those for Sporanox. 
Sample (B) shows increased bioequivalence 20% more than that of Sporanox. 

[Table 1] 

30 Gomparison among the pharmacokinetic parameters of itraconazole 

formulations 





Sporanox 


Hybrid (A) 


Hybrid (B) 


Tmax (hour) 


1.8 


2.5 


1.8 


Cmax (ng/ml) 


223 


220 


242 


AUG (ng-h/ml) 


2630 


2378 


3327 
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<Example 8> 

10 g of layered silicate, magnesium aluminimi silicate, was added into 0.5 liter 
of distilled water and stirred for 3 hours, wherein the pH was adjusted to 2 using HCl 
with stirring. Once equiUbrium was reached at pH 2, 24 g of itraconazole was added 
and completely dissolved in 140 ml of methylene chloride and the organic solution was 
combined with the above aqueous solution of dispersed magnesium aluminum siUcate 
and then continuously stirred for 3 hours so as to complete the hybridization. 
Following the completion of the hybridization, the aqueous phase in the upper layer of 
the mixed solution was removed and slurry of hybrids in organic phase was obtained. 
The slurry was vacuum-dried so as to obtain the powder form of the hybrid of 
itraconazole with layered magnesium aluminum silicate. The X-ray diJBfraction data 
for such itraconazole hybrid are shown in Figure 5. A specific peak for crystalline 
itraconazole was not found and the content of the itraconazole in the hybrid was 55 
wt.% which was calculated from the element analysis data. 

<Example 9> 

The hybrid of itraconazole with layered magnesium aluminiun silicate was 
obtained in the powder form under the same conditions as those of Example 8 except 
using 2.6 g of magnesium aluminum by removing the upper aqueous phase and 
vacuimi-drying the lower organic phase during the hybridization. The X-ray 
diffraction data for such itraconazole hybrid are shown in Figure 5. The content of 
the itraconazole in the hybrid was 55 wt,% which was calculated from the element 
analysis data. 

<Example 10> 

The dissolution experiments were performed using the hybrids of itraconazole 
with layered magnesiimi aluminum silicate from Examples 8 and 9. The hybrids of 
70 and 90 v/t.% of itraconazole, respectively, were taken in the amounts corresponding 
to 100 mg of pure itraconazole; dispersed in 900 ml of the pH 1.2 aqueous solution; 
stin-ed in a shaker at 200 rpm; and the concentration changes of itraconazole dissolved 
from each sample are shown in Table 6. The dissolution data of itraconazole from the 
hybrids shown in Figure 6 confirms itraconazole of the amorphous state in the hybrid, 
which coincides with the result that the itraconazole exists in the amorphous state since 
the X-ray diffraction data from Table 6 do not show any characteristic peaks of 
crystalline itraconazole. 

<Example 11> 

10 g of the powdered hybrid of itraconazole with layered magnesium 

aluminxmi silicate ( 70 wt.% of itraconazole) from Example 8 was added to 100 ml of 

13 
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methylene chloride, wherein Eudragit E 100 1,4, 3.5 and 6.3 g, corresponding to 20, 50 
and 90 % of pure itraconazole, respectively, were dissolved; stirred for 30 minutes; and 
spray-dried so as to obtain the powdered hybrid of itraconazole with layered 
magnesium alimiinum siUcate coated with Eudragit El 00. 
5 The X-ray diffraction data for such itraconazole hybrid are shown in Figure 7. 

The characteristic peaks of crystalline itraconazole were not observed from these 
samples. The contents of the itraconazole in the hybrid were 61.4, 51.9 and 42.9 
wt.%, respectively, which were calculated from the element analysis data. 
<Example 12> 

10 Among the samples from Example 1 1 , the hybrid with the ratio 0.9 of Eudragit 

versus itraconazole was taken and 1 g of HPMC 606 was added to 23 g of this hybrid 
via wet granulation. Granules of hybrid of itraconazole with layered magnesium 
aluminum silicate coated with Eudragit El 00 and HPMC was obtained. 
<Example 13> 

15 Comparison of the dissolution rate was made among the samples prepared 

without Eudragit or HPMC according to Example 8; powdered hybrids of itraconazole 
with layered magnesium alumimrai silicate according to Example 1 1, wherein the ratio 
of Eudragit versus itraconazole was 0.2, 0.5 and 0.9, respectively; and the sample from 
Example 12. Each sample corresponding to 100 mg of pure itraconazole was taken 

20 and dispersed in 900 ml of the pH=1.2 aqueous solution at the dissolution test 
apparatus. The solution was stirred at pedal speed of 50 rpm. Aliquots of solution 
were taken every 15 minutes to 30 minutes to measure the amoimts of dissolved 
itraconazole. The changes of dissolved itraconazole are shown in Figure 8. 
Summarizing the results of Figures 3 and 6 along with those of Figure 8 leads to the 

25 conclusion that the hybrids of itraconazole with layered silicates made according to the 
present invention, provide an outstanding method for various dissolution rates which 
can be controlled upon the dissolution conditions due to prominent stability of 
amorphous state of itraconazole and provide various content of itraconazole in the 
hybrid. 

30 Hybrid of cyclosporine with layered sihcates 

<Example 14> 

10 g of layered silicates, montmorillonite was added into 1 liter of distilled 
water and stirred for 3 hours, wherein the pH was adjusted to 4 using HCl with stirring. 
Once equilibrium was reached at pH 4, 24 g of cyclosporine was added and completely 
35 dissolved in 500 ml of methylene chloride. The organic solution was combined with 
the aqueous solution with dispersed montmorillonite and then continuously stirred for 
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24 hours so as to complete the interlayer intercalation. Following the completion of 
the intercalation, the aqueoxis phase and the organic phase were separated using 
centriflxgation, and the precipitates in the bottom of the aqueous phase was washed 
with distilled water at least twice and vacumn-dried to obtain the powder form of the 
hybrid of cyclosporine with layered siUcates. The X-ray difjfraction data for the 
hybrid of cyclosporine are shown in Figure 9; the intercalation of cyclosporine into the 
interlayers of ttie layered silicates was confirmed thereby; and the content of the 
cyclosporine in the hybrid was 50 wt.% which was calculated from the element 
analysis data. 

Hybrid of carvedilol with layered siUcates 

<Example I5> 

10 g of montmorillonite was added into 1 liter of distilled water and stirred for 
3 hours, wherein the pH was adjusted to 1 using HCl with stirring. Once equilibrium 
was reached at pH 1, 4 g of carvedilol was added and completely dissolved in 200 ml 
of methylene chloride. The organic solution was combined with the aqueous solution 
with dispersed montmorillonite and then continuously stirred for 24 hours so as to 
complete the interlayer intercalation. After the completion of the intercalation, the 
aqueous phase and the organic phase were separated using centrifiigation, and the 
precipitates in the bottom of the aqueous phase was washed with distilled water at least 
twice and vacuum-dried to obtain the powder fomi of the hybrid of carvedilol with 
layered silicates. The X-ray diffraction data for the hybrid of carvedilol are shown in 
Figure 10; the intercalation of carvedilol into the interlayers of the layered silicates 
was confirmed thereby; and the content of the carvedilol in the hybrid was 21 wt.% 
which was calculated from the element analysis data, 

<Example 16> 

The hybrid of carvedilol with layered siUcates was made imder the same 
conditions as those of Example 15 except for the change of pH to 2. The content of 
carvedilol in the hybrid was confirmed to be 25 wt.%. 

<Example 17> 

The hybrid of carvedilol with layered silicates was made under the same 
conditions as those of Example 15 except for the change of pH to 3. The content of 
carvedilol in the hybrid was confirmed to be 22 wt.%. 

<Example 18> 

The hybrid of carvedilol with layered siUcates was made imder the same 

conditions as ttiose of Example 15 except dissolving 8.2 g of carvedilol in 200 ml of 

methylene chloride. The content of carvedilol in the hybrid was confirmed to be 42 
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wt.% which was calculated from the element analysis data. 
<Example 19> 

The hybrid of carvedilol with layered silicates was made under the same 
conditions as those of Example 18 except for the change of pH to 2. The content of 
5 carvedilol in the hybrid was confirmed to be 39 wt.%. 
<Example 20> 

The hybrid of carvedilol with layered silicates was made under the same 
conditions as those of Example 18 except for the change of pH to 3. The content of 
carvedilol in the hybrid was confirmed to be 38 wt.%. 

10 <Example 21> 

5g of montmorillonite was added into 1 liter of distilled water and stirred for 3 
hours, wherein the pH was adjusted to 1 using HCl with stirring. Once equilibrium 
was reached at pH 1, 6 g of carvedilol was added and completely dissolved in 150 ml 
of methylene chloride. The organic solution was combined with the aqueous solution 

15 with dispersed montmorillonite and then continuously stirred for 24 hours so as to 
complete the intercalation. After the completion of the intercalation, the aqueous 
phase and the methylene chloride phase were separated using centrifiigation, and the 
precipitates in the bottom of the aqueous phase was washed with distilled water at least 
twice and vacuum-dried to obtain the powder form of the hybrid of carvedilol with 

20 layered silicates. The content of the carvedilol in the hybrid was 50 wt.% which was 
calculated from the element analysis data. 
<Example 22> 

The hybrid of carvedilol with layered silicates was made imder the same 
conditions as those of Example 21 except for the change of pH to 2. The content of 
25 carvedilol in the hybrid was confirmed to be 44 wt.%. 

<Example 23> 

The hybrid of carvedilol with layered silicates was made under the same 
conditions as those of Example 21 except for the change of pH to 3. The content of 
carvedilol in the hybrid was confirmed to be 47 wt.%. 
30 <Example 24> 

The hybrid of carvedilol with layered silicates was made under the same 
conditions as those of Example 21 except for the change of pH to 4. The content of 
carvedilol in the hybrid was confirmed to be 42 wt.%. 

<Example 25> 

35 The hybrid of carvedilol with layered silicates was made under the same 

conditions as those of Example 21 except for the change of pH to 5. The content of 
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carvedilol in the hybrid was confinned to be 37 wt.%. 
<Exainple 26> 

10 g of layered silicate, montmorillonite, was added into 1 liter of distilled 
water and stirred for 3 hours, wherein the pH was adjusted to 1 using HCl with stirring. 
5 Once equiUbrium was reached with the pH 1, 12 g of carvedilol was added and 
completely dissolved in 300 ml of methylene chloride. The organic solution was 
combined with the above aqueous solution with dispersed montmorillonite and then 
continuously stirred for 24 hours so as to complete the intercalation. After the 
completion of the intercalation, the aqueous phase and the methylene chloride phase 
10 were separated using centrifugation, and the precipitates in the bottom of the aqueous 
phase was washed with distilled water at least twice and vacumn-dried to obtain the 
powder form of the hybrid of carvedilol and layered silicates. The content of the 
carvedilol in the hybrid was 58 wt.% which was calculated ifrom the element analysis 
data. 

15 

INDUSTRIAL APPLICABILITY 

According to the present invention, the hybrids of itraconazole, cyclosporine 
and carvedilol with layered silicates enable to form the stable amorphous state by said 
20 drugs, wherein such amorphous state especially provides the stability and the 
consequent characteristics of various solubility for each drag so as to provide an 
outstanding method for enhanced solubility of said drags compared to conventional 
methods. 
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CLAIMS 

1. A hybrid of a drug with a layered sihcate, the drug being selected from a 
group consisting of itraconazole, cyclosporine and carvedilol, where the drug is 

5 intercalated between the layers of the layered silicate and/or adsorbed onto the surface 
of the layered silicate. 

2. A hybrid as defined in Claim 1, wherein the drug is itraconazole. 

3. A hybrid as defined in Claim 1, wherein the layered sihcate is selected from 
montmorillonite, beidellite, nontronite, hectorite, saponite, illite, celadonite and 

10 glauconite. 

4. A hybrid as defined in Claim 1, wherein the layered sihcate is selected from 
montmorillonite, beidelUte, saponite, hectorite and illite. 

5. A process for preparing the hybrid as defined in any one of Claims 1 to 4, 
comprising: 

15 (1) dispersing a layered sihcate in an aqueous solution to form an aqueous 

solution containing the layered sihcate; 

(2) dissolving a drug in a organic solvent to form an organic solution 

containing the drug, the organic solvent having a solubiUty higher than that in said 

aqueous solution and fomiing an interface with said aqueous solution; and 
20 (3) mixing and hybridizing in the interface of said aqueous solution containing 

the layered sihcate and said organic solution containiag the dmg to intercalate said 

drug into the interlayers of said layered silicate, 

wherein the drug is selected from a group consisting of itraconazole, 

cyclosporine and carvedilol. 
25 6. A process as defined in Claim 5, wherein a solubihty of the drug in the 

organic solvent is at least 10 times higher than that in the aqueous solution. 

7. A process as defined in Claim 5, wherein the interfacial reaction is 
processed under an acidic condition. 

8. A process as defined in Claim 5, wherein pH of the aqueous solution 
30 containing the layered silicate in step (1) is between about 0 and about 6. 

9. A process as defined in Claim 8, wherein pH of the aqueous solution 
containing the layered silicate in step (1) is between about 1 and about 4. 

10. A process as defined in Claim 5, wherein a content of the layered silicate 
m the aqueous solution in step (1) is between about 1 % and about 10 % by weight. 

35 11 . A process as defined in Claim 5, wherein a content of the layered silicate 

in the aqueoxis solution in step (1) is between about 0.5 % and about 3 % by weight. 
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12. A process as defined in Claim 5, wherein a content of the drug in the 
organic solution in step (2) is between about 1 % and about 30 % by weight. 

13. A process as defined in Claim 5, wherein an amount of the organic solvent 
is such that a concentration of the layered silicate in the aqueous solution is 30 % or 

5 less, and an amoimt of the drug in the organic solvent is 900 % or less than that of the 
layered silicate. 

14. A hybrid obtained by mixing Eudragit El 00® dissolved in an organic 
solvent with the hybrid of itraconazole with the layered silicate as defined in any one 
of Claims 1 to 5, the amount of said Eudragit El 00® being at least 10 by weight based 

10 on the weight of itraconazole. 

15. A hybrid obtained by mixing a aqueous solution of hydroxypropyl methyl 
cellulose (HPMC) with the hybrid as defined in Claim 14, the amount of said HPMC 
being is at least 0.5 by weight based on the weight of itraconazole. 
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